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THE PRODUCTION OF COLORED GLASSES 
I. Introduction.
A complete treatise of the subject of colored glasses 
in English or German not being available, this thesis is 
presented as a collection of such definite information ob­
tainable, together with experimental work done to furnish 
additional information in the production of colors in glass.
II. Review of Literature.
The literature in German and English presents but few 
articles which treat the subject of the production of color­
ed glasses in a technical manner or furnish information be­
yond a very general character. The quantities of coloring 
agents used are rarely mentioned. Anything beyond a very gen­
eral description of the color is not attempted; thus one is 
left to experiment to a great extent to discover just how to 
produce a desired color.
A knowledge of the methods of determining the quality 
and quantity of the various colors of the spectrum transmit­
ted by a glass is as important as knowing how to produce the 
colors. For colored glass, we are finding many uses of a 
strictly scientific nature as well as for ornamental purposes. 
Glasses which will transmit only one portion of the spectrum 
and absorb all of the other portions, glasses which will ab-
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sorb heat rays but transmit light rays, and glasses which 
will transmit light for three color combinations are in de­
mand and such are being made in limited amounts by the few pro­
ducers who know the process.
The Jena Glass Works, who has been the leader in the 
scientific production of glass, instigated the only work which 
has been done and published, showing the actual absorption 
spectrum of a series of glasses. This work was done by Zsig­
mondy^ and was presented in two papers. As they contain a the­
oretical discussion of the fundamental methods necessary for a 
thorough study of colored glasses, a quite complete abstract 
will be given herewith.
In addition to the two papers of Zsigmondy, referred to
above, an abstract of one other article will be presented
2
giving somewhat in detail the work of Sir. W. Crooks on the 
preparation of spectacle glass. This paper is of especial in­
terest, as many colored glass spectacle lenses are being made 
today to cure certain diseases of the eyes. It is known that 
both the ultra-violet and infra-red rays irritate the eyes 
of some individuals, and glasses which absorb these rays were 
needed.
Other available literature is of such a nature that refer­
ence to it is only necessary in the detailed discussion.
1. Reference Nos. 3 & 4.
2. Reference No. 19.
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a Abstracts of Zsigmondy's Work.
Regarding the Absorption^of light in Colored
Classes.
"The characteristic absorption spectrum of cheap color­
ed glasses have been often described; for instance, the absorp­
tion spectrum of blue cobalt and copper red glasses are shown 
in Vogel's Spectral Analysis of Earthy Materials’*”. It is known 
to the technical glass man that the color of glasses depends 
not only upon the nature of the coloring oxide, i.e,,
Peg03 or CoO etc., but also in many cases.upon the composition 
of the glass itself and the method of handling the glass.
Blues and greens m y  be made with copper oxide, yellow and 
violet from nickel oxide, depending upon the composition of 
the glass with which the coloring oxide is melted.
One may prepare from a glass containing chromium, dark 
green or yellow green turbid glasses,depending upon the handl­
ing of the melting process for the color of the end oroduct.
C -
It will be seenjtherefore^from what is said above ,that a 
description of the absorption spectrum of colored glasses without 
knowledge of their composition and method of melting is of little 
value, except in a few cases.
3. Reference Uo. 3.
1. Vogel— Spectratanalyse irdischer Stoffe, Berlin,
1889.
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A detailed work by Eder and Valenta"*- includes a photo­
graphic representation of the ultra-violet and visible ab­
sorption spectrum of colored and colorless glasses.
In the following work, which was done at the suggestion 
of Schott of Jena Glass Laboratories, a true picture of the 
light absorption of colored glasses of definite composition 
was made by use of the fundamental spectrometer table.
Glasses of definite types having the composition shown 
in the table below, were melted with definite quantities of 
various coloring oxides in an oxidizing fire. The extinction 
coefficients of these glasses were measured with the Gian 
spectrophotometer, and shown on a curve when reduced to an 
equal mass.
1. Eder u. Valenta, Sitzunsber, d.k. Ahad.d wissensch. 
zn Wein 1884. Eder u. Valenta beriicksichtigen die. 
Qualitative and Quantative Composition of Glasses.
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TABLE I.
COMPOSITION OP 
•
THE TYPE GLASS.
In equivalents . ••
+
In Percentage.
SiOg HsgO KgO CaO ZnO PbO BpOa
= = = sr — r r s r s r n * » « « . * * ' - ~  rr sr rrs
1. Na20 3SiOg 74.5 25.4
2. KgO 3Si0o 65.7 34.3
3. Na20 CaO°5SiOg 71.8 14.8 13.4
4. KgO CaO 5SiOp 66.7 20.9 12.4
5. NagO PbO 5Si0g 51.4 10.6 38.0
6. KgO PbO 5SiOp 48.7 15.2 36.07. Na20 ZnO 5SiOg 67.6 13.9 18.35
9. Nag 34.O 7 « 4 30.7 69.3
11. b2o3 100.0
15. lead silicate 20 80
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In addition to the glasses shown in the table, two 
boro-silicate glasses were tested. No. 12, a sodium boro- 
silicate and No. 14 a barium boro-silicate.
These glasses were mixed with the following coloring oxi­
des added as a solution of the nitrate or the oxide^. The 
proportions given being added to 100 gms. of the colorless 
glass.
Chrom oxide.... Manganese oxide.. .1.0 gm.
Copper oxide... Iron oxide...... .2.0 "
Cobalt oxide..,...0.1 7 Uranium oxide.... .2.0 "
Nickel oxide..,
For a short method of designating the glasses, the for­
mula of the coloring oxide with a prefix corresponding to the 
number of the glass it was mixed with was used. Thus, CU3 
represents glass number 3 plus 2 grams of CuO per 100 grams 
ofglass. The handling of these glasses was in all cases the 
same as is described for cobalt glass.
With the help of the Gian photometer the extinction co­
efficient for different parts of the spectrum v/as determined 
for each glass, and proved suitable to obtain the Bunsen ex-
• i p
tinction coefficient. Bunsen & Roscoe define the extinction 
coefficient as the reciprocal value of the thickness a glass 
must have in order that the light which passes thru is reduced
1. For Chromium glasses pure chromic acid was used.
2. Bunsen & Roscoe, Pogg. Unn. 101 p. 238, 1857.
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to l/lO of its original intensity.
The extinction coefficient E = x where T = the
d
intensity of the transmitted light, d = the thickness of the 
glass sample considering the intensity of the light as 1.
In solutions, the extinction coefficient is proportion­
al to the concentration of the coloring matter present. With 
different concentrations, however, (or glasses with different 
°/o of coloring agent) solutions of different specific gravities 
are obtained. Then the extinction coefficient fovmd for dif­
ferent glasses must be calculated in terms of a glass having 
a definite amount of coloring agent to obtain a comparable 
value.
I will call therefore, the quantity of 1 mg. coloring
oxide per cu. cm. the calculated extinction coefficient, the
absorption value A of the coloring oxide for the particular
wave length. A where s equals the sp. gr. of the
g.s
glass, g the number of mg. of coloring oxide in 1 gr. of the 
glass being investigated. The value A will be definite in 
different places of the spectrum and as a function of the 
wave length may be graphically indicated.
Simplification and Source of Errors:
For the purpose of the following work, the true and cor­
rect graphical representation of the light absorbed is not 
necessary except in special cases. Work was not done on piec-
- 8-
es of different thicknesses. A colorless glass of sim­
ilar index of refraction was used over the colored glass to 
prevent the error due to reflection given in strongly colored 
glasses.
The specific gravity of the glasses which contained 
only small quantities of coloring oxide was not determined, 
but the weight of the type glass free from color was used.
A further defect in the work is caused by the fact that 
the Grlan spectraphotometer used was weakly lighted in the vio­
let part, so that the measurements were not made over the 
entire spectrum, but only to the point showing a wave length 
N = 0.450. In some cases, I have observed the slope of the 
curve in a Pulfrichs comparison spectroscope. The observa­
tions which only give an approximate value are shown as a dot­
ted line on the curve sheet. As different oxides such as 
oxides of manganese, iron and chromium may be present in glass­
es in different degrees of oxidation, another source of 
error is introduced, altho a definite amount of oxidizing 
agent was added.
Cobalt Glasses— Fig. 3.
CoO was mixed in the batch in such quantities that for each 
100 gms. of finished glass, 0.1 gm.cobalt was used. The melt­
ing of the cobalt glasses was the same as for others, in an 
oxidizing flame. The glass was poured into forms in the hot
-9-r
liquid, condition, and after long cooling, cut into plates.
The plates were ground and polished and then investigated 
with the spectrophotometer. The absorption of the silicate 
glasses CO5-CO7 and the borax glass CO9 are given in Pig. III. 
Between the curve for CO5 and CO7 lies that of CO4, which is 
not shown.
With the help of the comparison spectroscope, the glass­
es CO^ and CO3 were compared with the above glasses. The 
spectrum of COg is the same as CO7 and CO^ compares favor­
ably with CO5.
It is of interest to note the agreement of the absorp­
tion of the glasses of the type RgO RO 5SiOg containing co­
balt. With a similar result, but much smaller, is the absorp­
tion of the borax glass COg. The boro-silicate glass CO-^ 
is quite different, however, and the boric acid cobalt glass 
C11 gave only a weak rose red color.
Pig. I is given to show the appearance of the absorption 
as observed with an absorption spectroscope and the appearance 
showing the total absorption as measured with a spectrophoto­
meter.
Chrom Classes— Pig. 4:
Chromium was added to the glasses as pure chromic acid 
solution, so that the glasses contained .99% of pure CrgOg 
if none was lost. The pure chrome silicate glasses Cr., Cr„,1 tJ
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Cr? and Cr9 showed great similarity in the direction of the 
absorption curve in the blue part of the snectrum. The rise 
of the curves of Cj^  and Crg into the blue portion of the spec­
trum are the same and Crg and Crg are also the same; in the 
red end, however, they show great differences. The direction 
of the curve is continued as above, into the invisible part 
of the spectrum.
Copper oxide Classes— Nig. 5:
The copper oxide silicate glasses show great differences 
in the direction of the curve. Table 5 shows the curves for 
Cui, CU4,and Cu7 and it may be remarked that Cug and Cu7 are 
exactly the same. In thicker pieces, these glasses allow the 
blue part of the spectrum to go thru without any absorption.
Cuj also permits the passage of violet. The borax glass 
Cu9 diverges considerably from the curve of the silicate glass­
es and still more difference is shown by the boro-silicate 
glass Cu^g.
These absorption curves are shown by glasses containing 
2°/o CuO. If the copper content of these blue glasses be increas­
ed from 3% to 5 °/oCuO, green glasses would be obtained with an 
entirely different absorption curve.
Nickel glasses— Nig. VI:
Nickel shows many diverse properties in colored glasses.
The silicate glasses show considerable deviation in their ab-
- 11-
sorption "from one another. The absorptions of sodium sili­
cate glasses Ni]_, Nig, & Nig are the only ones which are simi­
lar and are shown on the curve by Nig.
It is known that the soda glasses colored with nickel 
are either red-brown or red-violet. On the contrary, the 
direction of the absorption curves of Nig and Ni4 are differ­
ent than the soda glasses. The curve for Nig shows great sim­
ilarity to the cobalt silicate glasses, the difference being 
that the maximum absorption is increased.
The complete difference in the course of the curve for 
brown nickel borax glasses Ni9 and the yellow glass Ni-^ is 
worthy of attention. The curve for the heavy lead silica 
nickel glass No. 15 is also shown.
Manganese glasses— Fig. 7:
The colors which may be obtained thru the use of man­
ganese are of importance because of the use of manganese as a 
decolorizer in ordinary glass. Pure MnOg added to colorless 
glass gives it a violet color. Sodium glass produces more 
of a red violet. These colors are, for greater thicknesses 
of glass, a mixture of all colors of the spectrum, of which 
the green is screened or dissolved out to the greatest extent, 
as a glance at the curve will show.
It is well known in the glass industry that manganese has 
the property of acting as a decolorizer as well as a coloring 
agent. This uncertainty is not due so much to the introduc-
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tion of the manganese, as to the liability of the manganese 
to go over into a colorless manganous compound.
Reducing conditions come from many sources in glass 
melts. Nitrates were used in these melts to prevent change of 
reduction. The operations were so controlled that the highest 
possible oxidizing efficiency was obtained. Nevertheless the 
greater part of the manganese dioxide went over into the 
manganous compounds which are not at all or very slightly 
colored.
In case of borate glasses, this was determined. The 
more the acid predominates over the base in the glass, the 
more oxygen will the manganese lose whatever be its degree of 
oxidation. With glasses of highly acid composition, the high­
er oxides of manganese go over completely into the manganous 
form with an evolution of all the available oxygen.
This is the same whether one uses the nitrate or the di­
oxide. In glasses of considerable alkali content, as with 
borax, the greatest part of the available oxygen (95$) is 
given off, but a small part of the same remains with the man­
ganous salts or is chemically united in the glass. Such glass­
es are more or less intensely colored.
Which stage of oxidation of the manganese gives rise to 
the color is not yet determined. It could be MnOg, MngOg, 
Mn304 , or another oxide of manganese not yet recognized. The
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possibilities are too various to consider in this discussion, 
but it seems of importance that the MnOg added to
the glass at first was later largely recovered as 
colorless MnO, so that the coloring strength of the manganese 
compound added does not become available in full strength as 
a coloring agent. This condition clears up in part the uncer­
tainty of the coloring property of manganese already mention­
ed.
The observations of the course of the curves permit it 
to be noted that two different coloring compounds exist in 
glass, one which normally occurs in sodium glass and the 
other in potash glasses.
In Fig. VII, only a few of the measured curves are given. 
The curve Mn§ agrees completely with the curve drawn for Mhg. 
Mn? runs similarly to Mn3 but lies below it. Likewise, the 
direction of Mhg and Mn4 are the same, but the absorption 
values of the first are about half as great as the latter.
We note also when we turn from the two water glasses Mn^ 
and Mhg, an agreement of the light absorption of the potash 
glasses Mn4 and Mng on one hand, and an agreement of the ab­
sorption of the sodium glasses Mng, Mng, and Mn7 on the other 
hand.
Iron oxide glasses— Fig. 8:
Unusual and numerous are the colors which one may obtain
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in different glasses thru iron oxide. The three iron oxides 
which may be used, are FeO, FegOg and Fe304 . These may be 
used alone, in different combinations with each other, or with 
SiOg or boric acid, and finally as the double salt partly uni­
ted with alkalies. Moreover, it is not difficult to obtain 
the iron as a metal. Every compound of iron will at least 
lead to one certain color. So we may get in the same glass 
mix, the most varied colors, yellow, yellow green, green, 
or blue-green. It is useless, therefore to plot the greater 
part of the results.
As an example, the absorption values of the yellowish ' %
green glass Fg, and for a similarly compounded soda lime glass 
#1072 with 2 foFegOjj, and this same glass after 1% MnOg had 
been added will be given in table 8.
One can recognize from the curves of the two glasses 
last mentioned, that the dissolved MnOg does not act entirely 
as a complementary color strengthening the absorption of the 
blue green, but weakens the absorption of the red part of the 
spectrum, an action which may possibly be attributed to an 
oxidation of some ferrous iron which may be present.
In conclusion, some observations on the great differences 
in the coloring strength of the individual oxides might be 
made. To make possible a comparison, I plotted in Fig. II,
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the absorption values A for the glasses CO5, Cr12, Hig, Cu-^, 
Mn4, Fe4, in the same proportions as to weight.
It may easily be seen that for the same proportions,
CoO is much the stronger coloring agent of all the oxides and 
that to iron oxide, a very small coloring power is to be at­
tributed, a very fortunate coincidence.
p r o p
T T
«vyV
 ^ <5»: jtf
-M-
3 g* <gr-
a Absorptionsspectrum des Kobaltglases nach Messung mit dem Spectralphotometer. 
b Absorptionsspectrum des Kobaltglases nach Beobachtung mit dem Spectroskop.
j A nnnlen tier P h ys ik , IV. h'olge, Uil. 4.
*4 «  &  V 3)1 1 ”1 I'
Tafel II I .
J, I f ,
•Zsigmondy.
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Invest israt ion of Glasses for Scientific 
& Technical Purposes*
The demand for colored glasses having definite proper­
ties for technical uses, has been felt for a long time.
The constancy of colored glasses make them much more 
desirable than liquids or dry filters. This knowledge 
had a wide influence on the first effort to develop a 
suitable glass offering the optical homogeneity necessary.
In the following classification, the practical results 
or properties desired are listed.
1. To prepare a light filter of glass, which allows a 
single part of the spectrum to be transmitted in its full 
strength, but completely absorbs the other parts.
2. Light filters for purposes of photographic selec­
tion, and to produce the three color projection. This in­
cludes also the provision of practical red,green, and blue 
violet glasses. For many purposes, also the preparation of ' 
smoky gray glasses of various degrees of transparency, and in 
which all parts of the spectrum are equally absorbed, are of 
value. Jena glasses of various types were tested, showing 
the following qualities. (table 2)
4. Reference No. 4.
- 21-
T A B L E  II.
Test
No.
Character 
of glass.
Factory Color of 
No. glass.
Color and po- Thick- 
si tion of the ness of 
glass in the sample, 
spectrum with 
relation to 
the light not 
absorbed.
1 Copper
ruby
2728
459111
deep red only red to 1.7 mm. 
A  * 0.6
la gold red red yellow 
and in thin . - 
Sections, also 
blue & violet
2 uranium
glass
454111
T T T
bright
yellow
red, yellow 16.0 
green, to Eb. 
and in thin se­
ctions also blue
2a rr 455“ bright 
yellow, 
strong
fluorescence.
3 nickel
glass.
440111 bright yel­
low brown
red^yellow, 11 
green; the 
latter weak, al­
so very weak blue
4 chromium 414111 yellow yellow, green, 10
glass
III
green. absorption,ag­
rees with the 
Zettnow filters.
4a n 433 green
light
yellow
red to green,
•A = .65 to -A 5
= .50
4b green cop­
per glass.
43111I green green, yellow, 2 to 3 
somewhat red to
blue.
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TABLE II CONTINUED.
Test Character Factory Color of Color and Po- Thickness 
No. of glass. No. glass. sition of the of
spectrum with sample, 
relation to the 
light not ab-
________________________________ __________ sorbed
5 chrome
glass
432111 yellow
green.
yellow green, 
somewhat red.
2.5
6 Copper
chrome glass
436 gray
green
green over the 
entire figure.
5
7 Green filter'-437111 dark green n n 5
8 T1 ft 438111 ft IT n it 5
10 Copper
glass^
2742 blue as 
CuS04
green, blue & 
violet
5 tol2
11 Blue vio­
let
447111 blue as blue and 
Cobalt glass violet
5
12 Cobalt
glass
424111 blue blue violet to 
the extreme red
4 to 5
13 nickel
glass
450111 dark
violet
violet between G 
to H. extreme red
6
•
14 violet
glass
452111 ft Violet between G 
to H. somewhat 
weak.
7
15 Smoky glass 444111 gray with, 
out per­
- All parts of 
the spectrum
.1 to 8
16 ft r? 445111 ceptible 
tints.
weak. 0.1 to 3
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^ig. 9 is an illustration showing the absorption spectrum 
as it appears in the comparison spectroscope. The spectro­
scope used was PulfricKs which is described in Zeits. fur 
Inst. 18 . 581, 1898., the slit being open as far as one 
could see the Nranhofer lines. Daylight was used.
-’rom the data collected in this table, one may draw the 
following conclusions:
1st. The spectrum diagram may be divided into two par 1s,. 
In one division, light from all parts of the spectrum is 
transmitted thru the glass, and in the other, complete ab­
sorption of certain colors is obtained. There may be obtain­
ed in this way two colors which are complementary. The divi­
sion of the spectrum allows itself to be used in two ways,
(a) by the use of the two glasses, No. 1 and No. 10, all the 
colors of the spectrum may be eroduced. No. 1 a ruby glass 
allows spectral red to pass thru when 1.6 to 1.7 mm. thick, 
while No. 10 is a blue copper glass 5 mm. thick. This may 
also be accomplished by using No. 2 and No. 11; the yellow 
of No. 2 is composed of red, yellow and green, the color of 
No. 11 is composed of blue and violet and some green. In 
place of the 16 mm. piece of the uranium glass, chrom glass 
No. 4a can also be used in pieces 2.5 to 3.5 mm. thick.
These glasses absorb also the extreme red. One may also con­
sider the cobalt glass No. 12, 3 mm. thick as a complemen-
-24-
tary glass as it gives the extreme violet and blue. Com­
plete complementary colors cannot be produced by these com­
binations because of certain considerations. One obtains, 
upon placing one over the other, not pure black, but a very 
extremely weak transmitted color. An investigation was not 
made to determine whether the projection of light thru such 
a glass combination gave a pure white. It should be of in­
terest, also to know whether white light may be broken up 
by passing thru colored glasses.
(b) Another problem of interest is the division of the 
spectrum into three limited color regions, red, green and 
blue, fthe latter including violet).
Two of these combinations possible are as follows:
A. Class # 1 —  1.7 mm. thick
" # 4 —  .10 " "
" # 11 —  1.5
B. Class # 1 —  1.7 mm. thick
" # 6 -- 2.6 " "
" # 11 —  1.8 "
With the latter combination, the intensity curve of 
the green glass goes over into a neighboring region of the 
spectrum.
For the purpose of the three color selection or three 
color projection, other combinations are possible.^-
1. C, Crebe, Zeitschrift fur Instrumentkunde Vol. 4
1901.
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A division of the spectrum can only be accomplished in 
an incomplete manner by the use of colored glasses. There is 
lacking for instance, a blue filter which will allow only 
the blue to pass thru with sufficient clearness. Glass No.
13 or 14 can perhaps be used for the purposes of micro­
photography. Glass No. 11 can be used for botanical purposes 
when made into glass bells, 17 to 19 cm. in diameter and 20 
to 25 cm. high. A glass which allows only the spectral yel­
low to go thru has not yet been prepared, nor has a purple 
glass which absorbs only the yellowish green and allows all 
the other colors to go thru unchanged.
Gold ruby No. 1, has the desired absorption band in the 
green, but shows also considerable absorption in the blue and 
violet parts of the spectrum. As already stated, several of 
the colored glasses will be made by the Jena glass works as 
demands require.
In certain cases, the color of the newly prepared glass­
es will not agree entirely with older melts.
These differences are to be expected in ruby glasses, 
and also when chromic oxide is used to saturation, as in 
glass No. 4.
The differences between melts are both in the intensity 
of color and position of the absorption band in the spec­
trum. The first difficulty which can be observed in copper

-27-
ruby does not usually work to a disadvantage,as the evil can 
be easily remedied by changing the thickness of the glass.
When the absorption band changes position many diffi­
culties are encountered, however, making it necessary 
to melt the glass over and over again until by continuous al­
ternation the color due to the handling of the glass, the de­
sired shade is again obtained.
Also another difficulty arises from the continuous pro­
duction of glass. With optical glass, each fragment before 
it is brought to the desired shape by rolling, is tested, 
it is then possible to discard faulty pieces from the others, 
■'ith colored glasses, the separation of pieces which show 
taults because of intensive coloring, can be accomplished only 
by cutting the glass into thin plates, grinding and polishing.
b_ Preparation off-Eye-preserving Glass 
for Spectacles. Sir W. Crooks, Phil.,
Trans. Roy. Soc., 1914 (a.509) 1 —  25.
The main object of the research was to prepare a glass 
which would cut off those rays from highly heated molten 
glass which damage the eyes of workmen, without obscuring too 
much light or materially affecting the colors of objects seen 
through spectacles made of the glass. The screening proper­
ties of glass plates for ultra-violet, luminous, and infra-red
5. Reference Ho. 19.
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radiations were investigated. Photo-spectrographs were ta­
ken, with exposures varying up to 3 hours, of the radiations 
from a glass tank in actual practice, the temperature of the 
melting end being 1500°C., and at the working end, 1200°C. 
Infra-red rays being found in far greater abundance than ul­
tra-violet, it is inferred that glassworkers' cateract must 
be ascribed principally to heat rays. A series of glasses 
was made by adding pure metallic oxides and earths as color­
ing or absorbing materials to a soda flux. Absence of striae 
was obtained by repeated stirring with a platinum rod; and 
freedom from air-bubbles by leaving the glass in perfect re­
pose for l£ hrs. at the maximum temperature. After cooling 
for 12 hours, plates were cut, ground, and polished to a thick­
ness of 2 mm. By superimposing the radiation from a Nernst 
lamp the light from a high-tension discharge between poles 
of pure metallic uranium a practically continuous beam extend­
ing from/ 2000 t o / 8000 was obtained, and the absorption of 
the glass plates recorded on a spectrograph. Biotite (black 
mica) from Norway and "black amber" mica from Africa were 
found most effective in obstructing light, while transmitting 
heat rays. Athermancy of various glasses by the readings of 
a thermometer bulb corresponded with the results obtained 
from a radiaometer balance. The prepared plates were first 
tested in the spectrum apparatus for the upper limit of the
-29-
transmission of ultra-violet rays. They were next put into the 
radio-balance, then tested in an opacity balance, to ascer­
tain the percentage of luminous rays transmitted and finally 
their color was registered in a lovibond tintometer. The com­
position of the glass selected for practical use, in percen­
tages by weight,are as follows:- #150 fused flux 90.00, cerium 
borate '.13, NiS04 7HgO 0.07, U308l.,80; $168 fused flux, 89.75, 
cerium borate 8.13, i’egOg 2.0 Crg03 0.09; #165 raw flux 87.56 
cerium 8.00, i!'eS04, 7HgO 3.00, UO3 0.55, NiO 0.09 Crg03 0.80; 
#187, fused flux 83.0, Ce(N0g)g, 7Hg0 17.0; #197 fused flux 
79.00, Ce(N03 )3, 6Hg0 20.50, NiS04 , 7Hg0 0.30, CoS04 , 7Hg0
0.05, U203 0.15; #202 flux 95.15, ?e Og 4.75, CoS04 , 7Hg0 
0.10; #210, fused flux 89.0, FeS04 , 7Hg0 8.9, Crg0g 1.3, car­
bon in fine powder 0.8; #217, fused flux 96.80, Feg03 2.85,
CoO .35; #221, fused flux 80.0, Ce(N0g)g, 6Hg0 13.4, UgOg 6.6; 
#238, raw flux 77.0 Ce(N03)3, 6Hg0 23.0; #240; raw flux 90, 
Fe0g04 , 2Hg0 10; #246, as 240 with a small quantity of red tar­
tar and powdered wood charcoal to prevent oxidation; #247, raw 
flux 92.00, cerium borate 6.30jNi0 0.04, Feg03 1.60, Crg03 0.06: 
#248, fused flux 94.60, Ce(N03)3, 6Hg0, 4.72, UO3 0.30, NiO 
0.30, CoS04 , 7tig0 0.08; #249, fused flux 88.47, Feg0g 1.50, Go- 
304, 7H2° 0*03, Ge(N03 )3, 6Hg0 1.00; #250, raw flux 88.00, 
cerium borate 5.00, FeS04 , 7Hg0 4.15, UgOg 2.75 Crg0g 0.10;
#251, raw flux 92.0, FeS04 , 7HgO 8.0J#252, raw flux 72.60, 
CefNOglg, 6Hg0 24.90, CuS04 , 5Hg0 2.10, NiO 0.40; #253, raw
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flux 88.5, fused black biotite 11.5. The last mentioned 
glass has properties contrary to what might be expected fran 
its biotite content; it offers almost complete obstruction 
to heat rays. The transmissive powers of biotite itself ap­
pears to be due to iron protoxide. In the foregoing recipes, 
the flux used has the composition: sand 61.00, anhydrous
sodium carbonate, 25.50, recrystallized sodium nitrate 5.00, 
precipitated calcium carbonate 7.20, borax 0.75, arsenic tri­
oxide 0.55 Jo,The optical properties of the glasses are shown 
in the following table:
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i
• 
I
O 
1
£5 
1
heat rays
Absorbs violet 
and ultra-vio­
let rays of 
wave length, 
shorter than.
lumin- Color, 
ous rays 
trans­
mitted .
150 37 3620 1o73 Pale yellow158 63 3700 54 Pale green-yellow165 38 3680 42 Pale yellow-green187 27 3650 99 Almost colorless197 41 3800 45 Pale neutral tint202 83 3830 25 Neutral tint210 87 3620 30 Bluish green217 96 3550 40 n  n  it221 39 3685 60 Paint yellow238 34 3610 71
240 88 3950 36 Smoky green246 98 3800 27.6 Sage green247 29 3620 71 Paint green248 47 3550 30 Neutral tint249 51 3550 63 Pale blue250 25 3685 74 Yellow-green "251 37 3550 89 Paint yellow252 47 3680 45 Bluish green "253 94 3610 30 Sage green
Glasses No. 246, 217, 253, 240, 210 and 158 are most
effective for cutting off heat rays, Nos, 240, 202, 246, 197, 
158, and 150 for absorbing ultra-violet rays. Nos. 187, 251, 
250, 150, 247, and 238 for transmitting luminous rays, and 
Nos. 249, 197, 252, 165, 210, and 248 for reducing glare (of 
sun on chalk, snow^or sea).— H.H.S.
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III. General Discussion of the Produc­
tion of Colored Glasses.
a Theory.
The coloring agents in glass are generally metallic 
oxides. The same oxide may produce different colors depend- 
ing upon the amount present in the glass and apparently also 
on the degree of oxidation of the metal. Different metallic 
oxides may also produce the same color.
Little is known about the actual cause of color in glass. 
The theories which may be suggested are, 1st, that the color­
ing oxide added is in suspension in the viscous liquid; 2nd, 
that the coloring oxide, or a silicate of the metal is in 
solution in the glass; and 3rd, that the coloring agent is 
ionized as in a dilute solution of colored metallic salts.
The color of a metallic oxide varies in many cases with 
the degree of oxidation, as with oxides of iron, manganese 
and copper and these various colors are obtained in glass by 
the use of oxidizing and reducing agents. There is there­
fore some reason for believing that the coloring oxide is in 
suspension in the glass. On the other hand, if we consider 
a glass as a rigid liquid, or the liquid phase of a system, 
any constituent of the glass is so homogeneously mixed, in­
cluding coloring agent that it may be said to be in solution.
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Altho the concentration of the coloring agent is small, 
the possibility of the coloration being produced by the 
presence of a metallic ion as in colored solutions of salts, 
is not very great, due to the high viscosity of the melt 
which is very antagonistic to ionization.
It appears to me, that any one of the three cases are 
possible, but the apparent perfect degree of diffusion and 
the fact that we may produce a colloidal suspension in the 
glass, or a salt as in the case of selenium red glass, is 
in favor of the coloring agent being in solution either as 
the metal, the oxide of the metal, or a silicate of the metal.
Silverman has produced in glass the dichroic effects 
shown in solutions of chromium salts, a glass which though 
chrom green in single layers showed a ruby color when light 
was transmitted thru a double thickness. Zsigmondy has com­
pared the red color produced by gold and copper in glass to 
the red colloidal aqueous solutions of these metals. Silver- 
man also compares the various aqueous solutions of gold with 
glass colored with gold; i.e., the yellow chloride solution, 
the red colloidal solution, and the blue colloidal solution 
containing brown particles is compared with a glass colored
6. Reference No. 22.
7. Reference No. 23.
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originally yellow with gold which when reheated, changes 
to the red color and when further reheated gives the brown 
precipitated gold and the blue colloidal gold together.
As in glazes, the composition plays some part in the 
color imparted by the coloring agent. According to the work 
of Zsigmondy given above, the greatest differences in color 
were shown in glasses containing boric acid as compared with 
the glasses not containing this constituent. The colors ap­
parently depended somewhat upon whether the alkali used was 
soda or potash, but not a great difference was evident. Glass 
Uo. 7, containing zinc did not show any particular difference 
as compared with the other glasses containing soda and no 
boric acid.
In the glasses made by the writer, not considering 
series 0, the chief difference displayed was one of intensity 
of color. With chromium, the zinc glass showed opaque where 
the same amount of coloring agent in glasses A7 and B8 pro­
duced a transparent green. Nickel also showed a more intense 
color. Uranium, copper and cobalt in the zinc glasses gave 
the same colors for equal amounts of coloring agent in each 
series. .25$ of MnOg gave a much darker color in A34 them
8 . Reference No. 3.
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in Z14. .03% MnOg did not produce any color. This may
easily be due to the reduction of the MnOg to MnO rather than 
insufficient coloring agent.
Tscheuschner says9: "In blown hollow glassware, the
color is more intensive than in plate or rolled glass and 
more coloring oxide is needed in the latter. Also the more 
basic the glass, the more intense is the color."
Lead glasses give a much more brilliant and richer ap­
pearance than the soda lime glasses and consequently small 
amounts of lead are frequently used with soda lime glasses 
when colored glasses are being produced.
The following is a discussion of the methods of produc­
tion of each of the principal colors, red, yellow, green, blue, 
and.violet,and in addition, the production of black and the 
use of decolorizers in the production of colorless glass.
_b Production of Red Glass.
There has always been considerable mystery and diffi­
culty about obtaining a red color in glass. It is not produc­
ed by the simple process of adding the coloring agent to any 
glass batch, but to obtain the color with success, the compo­
sition of the glass must be within certain narrow limits and
9 Reference Ho. 6.
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the melting must be carried out under certain definite condi­
tions.
Red glass or ruby glass as it is commonly called, may be 
made by the use of gold, copper, selenium or tellurium as a 
coloring agent.
In all cases, the color is produced by a colloidal sus­
pension of red particles. When gold or copper is used, the 
color is that of the metallic red colloids of gold or copper. 
With selenium or tellurium, the color compares with the alka­
line poly-selenides or tellurides.
Ruby glasses colored with gold give a more or less pur­
plish red. Copper reds are always a deep red and absorb prac­
tically all but the red rays, giving an optically perfect red. 
Red glasses made with selenium are usually a yellow red, but 
can be made in the deeper colors.
Until recent years, owing to the intense color of the red 
glasses made from copper or gold, it was necessary to produce 
red glassware by what is known as the flashing process, i.e,, 
a thin film of the red glass was blown over the inner or outer 
surface of a thick layer of colorless glass. By this means, 
the intensity of the color could be reduced enough to transmit 
light and give a good red color, otherwise, the glass would be 
practically opaque. This,of coiirse,limited the production of
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red glass to blown ware' only, shapes requiring the glass 
to be rolled, cast or pressed could not be made, redr.
The difficulty in making ruby glass then arises in con­
trolling the intensity of the color in thick sections. A 
detailed series of experiments have been published by the 
author10 regarding the development of the copper ruby color, 
and the following conclusions may be stated.
The red color is due to the suspension of metallic coll­
oidal copper. The rapidity of the development of this color 
in glass seems to depend principally on the refractoriness 
or viscosity of the glass at the critical temperature range 
in which the colloidal particles form from solution. Glass­
es high in silica and of a viscous nature may be chilled ra­
pidly enough in moulding to produce a colorless glass, which 
by reheating to the proper temperature will color from a 
light amber red to deep red, and continue to become more in­
tense with increasing temperature until it has turned an 
opaque brown or black.
In the making of these glasses, the copper is added as 
the red cuprous oxide. A very small amount of coloring agent 
is required and more does not seem to increase the intensity 
or change the quality of the color. 0.3% of CuO is suffi­
cient to produce the desired color. The ratio of tin oxide 
10. Reference No. 21.
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must be kept within rather narrow limits also. This should 
be about four times the weight of the copper. Iron and man­
ganese seem to be detrimental to the red color, copper alone 
giving the purest red. Replacing lime with lead or soda appa­
rently increases the rate at which the color is developed. A 
reducing agent is necessary which should be present in suffi­
cient quantity to reduce the copper to the metal and hold it 
in that condition during the time of melting and working. Car­
bon in some form will answer the purpose; cream of tartar is 
very easy to use, but rather expensive, about 1% of the weight 
of sand in the batch is required.
Formula.
The formula of a workable glass is as follows:-
.536 KgO )
.340 CaO )
.100 PbO ) 4 SiOo + cream of tartar 
.023 CuO ) 6
.041 SnOg)
It seems impossible to obtain a red glass with copper in 
the melt, which may be worked without reheating. Melted under 
oxidizing conditions, the above glass is colorless.
Selenium red glasses differ from the copper red glasses in se­
veral ways. The metal selenium under oxidizing conditions,
color glasses a light rose color. Under reducing condi­
tions, it will give various shades of red if the composition
is correct.
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Kratz^'L reports a list of experimental glasses which 
he melted and in which he introduced arsenic trioxide as a 
reducing agent. Among the glasses melted was a potash lime 
glass, soda lime glass, potash barium glass, soda barium 
glass, and a potash zinc and soda zinc glass, none of which 
produce a red glass. I have made a large number of alkali 
lime glasses using a reducing agent with various amounts of 
selenium and cadmium, the color obtained always being brown 
or colorless, depending apparently upon the amount of reduc­
ing agent used.
Thus to obtain a selenium red glass, there must be no 
lime present but a soda zinc potash glass, using about 0.8 
of metallic selenium, 0.6c/o antimony with additional reducing 
agent if necessary will produce the red color. The presence 
of cadmium also seems to be necessary.
These glasses may be made so the color may be intensified 
by reheating or so that the red color may be produced in the 
pot direct. The latter of course being most desirable.
H. N. Witt & Frankel^ state that the maximum amount of 
selenium retained in alkali lime glasses equals .0016% the 
balance bring volatilized. If potash be replaced by soda in 
an alkali lime glass, a colorless glass is produced.
11. Reference No. 27.
12. Reference No. 18.
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Metallic selenium is quite volatile and the use of a 
salt of selenium is recommended. The mineral is not an ex­
pensive one, however, as it is a by-produce from the electro­
lytic copper refining industry.
13P. Fenaroli reports that tellurium like sulphur and 
selenium will act as a coloring agent under reducing condi­
tions, in which case, it may be present as a colloidal solu­
tion of the element causing blue or brown colorations, or as 
a pollytelluride which yields a red glass. Red glass color­
ed with gold is not made at present to a great extent, ex­
cept for red metal and jewelery enamels. Landau14 gives the 
following information regarding gold ruby glasses. For lead 
glasses only about .0 2 % is required to make an intense color. 
Too high a melting temperature will produce a livery color.
A gold ruby which has been melted in a proper manner shows 
a rather purplish color, a small amount of antimony oxide 
(Sbg03 ) will bring out a purer red color. The gold may be 
added in the form of purple of Cassius or as a solution of 
the nitrate sprinkled on the batch.
£ Production of Yellow Glass.
As stated in Zsigmondy's15 work an optically perfect
13. Reference No. 15.
14. Reference No. 11.
15 Reference No. 4.
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yellow glass had not been obtained at that time. Whether or 
not an optically perfect yellow has since been obtained, I 
cannot state. Crooks16 reports a pale yellow glass which he 
has colored by the use of cerium borate, nickel sulphate and 
uranium oxide (UgOg). Whether this glass absorbs all but the 
yellow rays is not stated.
Chromic oxide in very small amounts (.008%) produces a 
pale yellow in lead and lime soda glasses which approaches 
pure yellow very closely. The color, however, is very faint. 
This might possibly be developed into a pure yellow by cor­
recting the composition of the glass.
Uranium oxide gives bright yellows or orange yellows in 
quantities below 1.0%, more uranium gives a brown yellow 
changing to a distinct brown with increasing amounts of uran­
ium.
Halik says "Uranium added as UO3 produces a yellow 
green if added in quantities of 0.5% to 0.6%. If the uranium 
is added as sodium xiranate, the color has less green, 0.6% 
of the salt giving a good yellow. Additions of small amounts 
of silver nitrate improves the quality of the yellow". Also 
in writing regarding the use of iron, Halik says that if 
three parts of Pe 03 to £ parts FeO are used, the iron pro-
16. Reference No. 19
17. Reference No. 8.
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duces a yellow color. This, however, must be melted under 
oxidizing conditions to get any such color, and is rather un­
usual.
The most common yellow colored glasses are the amber 
yellows commonly seen in amber bottle glass. This color is 
very easy to produce by the use of sulphur and carbon. The 
sulphur and carbon are added as flowers of sulphur and coal 
respectively; the proportions used should be about 3 parts of 
coal to 1 of sulphur and should make about .4 of 1% of the 
total batch.
18By referring to Zsigmondy's table shown on page 21, 
the yellows Wm  uranium transmit red and green. The color must
also have been rather pale, as the piece tested was 16.0 mm. 
thick. As these are Jena glasses their composition and quan­
tity of coloring agent are not known.
Cadmium is used to a considerable extent in soft enanels 
and produces a bright lemon yellow in opaque enamels. It may 
also be used with soft opaque glasses. Cadmium sulphide is 
usually used and is a very volatile salt. It must be melted 
carefully in tightly covered pots. It is then found necessary 
to reheat the resulting white opaque glass to produce the 
color. Large amounts of cadmium are used in enamels when a
18. Reference No. 4.
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yellow color is desired, about 4 % CdS being required.
It is also of interest to note the yellow glass Zsig-
19mondy obtained with nickel in a sodium boro-silicate glass, 
(his number Hi 12) a color entirely unexpected from nickel 
and different from the colors obtained with glasses of nor­
mal composition.
d. Production of Green Glass.
Green is probably the most common, and easily obtained 
color in glass. The common green bottle glass, which we see 
in various degrees of intensity, is produced by the use of 
iron as a coloring agent. 'This may either be added to give 
the required color or as is often the ease in the pale green 
bottles, it may be present simply as an impurity in the raw 
ingredients used. If the sand used in making glass contains 
more than .2 foof iron, a green color will be imparted to the 
glass. Of the experimental glasses made with iron glass, Z9 
containing .54% of iron gave a deep bottle green; glass Z8 
containing .05% of iron, gave a very faint green tint in piec­
es one inch thick. Glass A2G with .465% iron gave a darker 
green and B21 potash soda lime glass, gave a pale blue.
To obtain a bright normal green, chromium gives the best 
results. Lead glasses giving a yellow green and potash soda
19. .Reference No. 4.
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lime glasses giving a normal green. With zinc, however, the 
color seems to be considerably intensified, 25 containing 
2.56% CrgOg giving an opaque color, 26 with 1.02% giving a 
bright green lustrous glass full of metallic particles, often 
called adventurine glass or goldstone, and .05% Crg03 giving 
a normal green. Ohe color with chromium is apparently always 
green with the exception of the tendency to yellow with very 
small amounts in a lead glass. 2inc, however, seems to have
an exceptional effect in intensifying the color.
20Halik states that a yellow green color is obtained
when .5 to .6 of 1% U 03 is used. In the experimental work the
uranium was added as sodium uranate and browns were obtained
using 3% or more. Altho copper is commonly used to produce
green glazes, in flint and crown glasses it produces distinct
blues, except that in a zinc crown glass (211) .27% CuO gave
a greenish blue. About the same amount in the flint and crown
glasses, Nos. A30 and B22 gave a normal blue and a violet blue
glass respectively, with 0.25% of CuO in each case.
21Zsigmondy says, however, that if the amount of copper 
be increased from 2% to from 3 to 5%, green glasses will be 
obtained with an entirely different absorption curve.
SL Production of Blue & Violet Classes.
A blue color in glass may be obtained thru several sourc-
20. Reference No. 8
21. Reference No. 3
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22es, altho, a true normal blue is not common. Zsigmondy 
does not report any normal blue glass transmitting the blue 
portion of the spectrum only, all blues showing a considerable 
amount of green or violet.
'i’he coloring agents commonly used to produce blue and 
violet colors are cobalt, nickel, copper and manganese.
Cobalt is one of the strongest coloring agents available. 
Crown glasses A35, A36 and A37, all give an intense blue 
violet color with a minimum amount of coloring agent equal to 
• 22%. An opaque black will be produced by the use of .5 % of 
CoO.
In the experimental glasses, nickel gave a decidedly 
more violet color than cobalt, altho 1.0% of HiO (glassAl) 
did not result in as intense a color as .02% of CoO (A35).
This is the case, however, only with series A & B. In 
the Z series 1.2% of ZnO gave an opaque black and .5% gave 
an intense purple color, showing again the action of zinc in 
intensifying the color, i'his does not occur in the case of 
■cobalt, however, the zinc showing no tendency to intensify 
the color.
Attention should be called again to Zsigmondy's work, page 
2 of this paper, which shows entirely different colors ob­
tained in borax glasses, and boric acid glasses. Cobalt giv-
22. Reference No. 3.
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ing a much lower absorption in a borax glass, and a rose 
red color in the boric acid glass. Again with nickel, borax 
and boro-silicate glasses do not give blue or violet colors.
a s  stated in the discussion of green glasses, less than 
2/6 of CuO gives greenish blue colors. Zsigmondy's^^ absorp­
tion curves shown for copper do not vary a great deal ex­
cept in the glasses containing -BgOg.
Normally, manganese imparts a violet color to glass.
A large amount of this coloring agent is necessary, however, to 
insure the color because of the ease with which MnOg will 
reduce to the colorless oxide, MnO. The manganese glasses 
made experimentally were melted in a furnace where slightly 
reducing conditions prevailed, as in a glass furnace where 
considerable flame is always present. In glass A34, a red 
violet color was obtained and with glass A33, containing less 
MnOg no color was obtained. Series Z shows an orange red tint 
rather than the violet but no color was obtained with small 
amounts. The same phenomena is also observed in the
glasses, large amounts of MnOg are necessary to ob­
tain any color.
Zsigmondy24 gives an interesting discussion of the pro­
perties of MnOg in this respect.
23. Reference No. 3.
24. Reference No. 3.
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"Vanadium and neodymium added as BaV04 and UdgOg both 
gave pale blue violet colors when added in amounts equaling 
.73$ and .97$ respectively. When one-tenth of this amount 
was added, no color was obtained.w
f Production of Black Glasses.
The production of black is usually brought about by us­
ing a mixture of coloring oxides which give a dark color as 
cobalt, manganese, nickel, and iron, simply producing a very 
intense color. These coloring agents are rarely used alone, 
but in various combinations of two or more.
In the manufacture of glass buttons, or similar objects, 
a lead glass is used. In making what is called hyolith, a 
black casting glass, an alkali lime glass is used.
Many formulas for black glass show an unnecessarily large 
amount of coloring agent; to illustrate, a black glass compo­
sition by Tscheuschner: 100 parts sand, 36 potash, 13 CaO,
10 GuO, 10 -'’egOg; 10 MnOg, and 10 CoO. The cobalt alone would 
probably have given as intense a black color in this glass.
In the experimental work, an opaque black was produced in
the glass A24 by the addition of .044$ CrgOg, .047$Cu0 and
3.8$ MnO. In the opaque glasses (024), 3$ of Cro0„ also& o pro-
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duced a jet black. Thus a very small amount of coloring 
agent proved effective as compared with the formula quoted. 
Black glass has also been made by the use of the black min­
erals, as basalt and lava, or blast furnace slag etc. Tsche- 
uschner gives the composition of two glasses of that type as:
1. 100 parts green bottle glass, 37 parts lava, and 
26 parts basalt.
2. 20 parts silver slag, 10 parts blast furnace slag, 
and ten parts basalt.
IV. Decolorizers in glass.
The raw materials used in the manufacture of glass are 
in part manufactured chemicals and in part natural rocks.
The latter are used, principally as the source of silica, 
lime, magnesium and alumina.
A natural rock, free from iron is a very rare occurrence 
and it is this impurity which tends to impart a green color 
to the glass. If the total percentage of iron in the ordin­
ary soda lime glass exceeds .05%, a slight green color will 
be imparted to the glass. If the amount of iron exceeds .2%, 
the green color is too intense to be destroyed.
Manganese, selenium, cobalt and nickel are the chief de­
colorizing agents used, manganese as pyrolusite beingused
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to a much greater extent than the other metals mentioned.
The chief cause for the disappearance of the color by the 
addition of these coloring agents is the chromatic action 
on the green color of iron by the complementary pink color 
of manganese or selenium. Either of these deodorizers may 
be used alone with satisfactory results. The use of cobalt 
must be in conjunction with manganese, for the purpose of 
destroying any pink color due to an excess of manganese.
The cobalt is usually added in the form of a finely 
ground blue glass, known as powder blue. It is made by melt­
ing a glass of about the following composition: (70 % SiOg,
5.5 % CoO, 20% KgO, 4.5% NagO) and then grinding to a fine 
powder. The amount of manganese required of course varies 
with the amount of impurity. With .1 of 1% of iron about 
.3 of 1% of MnOg is required. '.There considerable reduction 
prevails, more manganese is required than otherwise because 
of the production of colorless IvInO. It is thought that a 
small amount of nitrate of soda (1%) which is good as an oxi­
dizing agent in glass will reduce the quantity of MnOg re­
quired.
As previously stated by Zsigmondy the degree of 
oxidation of manganese in colored glasses is not definitely 
known. Scholes^7, however, in a recent article, states that
26. Reference No. 3.
27. Reference No. 28
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he has identified the manganese in colored glass as trivalent.
© Q
Takahashi ° says: "If we could regulate the amount of man­
ganese to be used, so that there is just enough of it to neu­
tralize the green color there would be no need of using powder 
blue. But because of the fluctuation of purity of the raw ma­
terials, an excess of manganese is added and in addition about 
.01 of lfo of powder blue. Too much powder blue will darken 
the color regardless of the amount of manganese present and it
should not be increased much above the proportion given."
29Halik has the following to say regarding the use of mangan­
ese as a decolorizer:-
"If the correct proportion of manganese is added to mask the 
color, but the quantity of iron is too great, a yellow green re­
sults. If still more manganese is added, a yellow brown is the 
result. MnOg being heavier than the molten glass, the color at 
the bottom of the pot is a violet color, but if the decolorizer 
is added every other day, this trouble is diminished."
TThen manganese is used, as a decolorizer the hot moulded 
glass before entering the lehrs should show a pink color which 
disappears on cooling. If the hot glass shows colorless, not 
enough of manganese is present and the glass will be green when 
cool.
28. Reference No. 23.
29. Reference No. 8.
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In the manufacture of plate and window glass, pure mater­
ials are desired and the use of manganese is not practiced, 
or desirable. This is,no doubtbecause the decoloring of 
glass is not permanent, and the glass when exposed to the sun­
light, shows again the rose color which has disappeared in 
the lehr.
Selenium as a decolorizer acts in the same manner as 
manganese. When added to a soda lime or lead glass without 
the presence of a reducing agent it produces a rose-pink col­
or. The amount of the commercial metallic selenium required 
seems to be about .1% less than the amount of manganese re­
quired i.e., .2 of 1 fofor a glass containing about 0.1% of 
1% of iron. Selenium also produces a more or less intense 
pink color in the bottom of the tank, which may be destroyed 
by the use of arsenic trioxide (AsgOg) which will act as a
reducing agent and produce the colorless metallic selenium.
30Rosenhain says: "The pink color of selenium glass is
best developed in glasses containing barium as a base; it is 
also developed in lead glasses, but not so well in soda lime 
glasses." This would make the use of selenium as a decolori- 
zer more effective in flint glasses than in crown glasses.
Nickel is mentioned by several authors as a possible
30. Reference No. 26,
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decolorizer.
31Halik says, as manganese is an unreliable decolorizer 
ITiO or NigC>3 is used alone or with pyrolusite. 1 gram of 
nickel is sufficient for a pot full of glass (about 1000# 
raw batch). It is used in lime soda glass only, and does not 
act as a decolorizer in lead glasses. Halik says further 
that MnOg may be replaced by NiO for use as a decolorizer in 
the following amounts:-
100 gms. 85% IvInOo may be replaced by 2.101 gm. NiO
100 " 90% " " " " » 2.225 ” «
100 "  95% "  "  "  n tt 2 #34Q »» t»
100 ” 100%  " " " " " 2.473 " "
Tscheuschner gives .005 of 1% NiO as the amount of 
nickel to be xised as a decolorizer in a soda lime glass or 
.18 of 1% of MnOg. It seems therefore that nickel is a much 
more dependable decolorizer than manganese and also a much 
cheaper one because of the small amounts required.
V . Experimental Work,
a Discussion of Results.
-he experimental work carried on in connection with this 
thesis was: first, to determine the actual color produced by 
a known quantity of coloring agent: second, to note the effect 
of differences in composition occurring in commercial glasses
31. Reference No. 8
32. Reference No. 29.
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on the color.
Four glasses representing approximately the average 
commercial composition of a lead, alkali lime, alkali lime 
zinc, and opaque glasses were used as the base to which 
coloring agents were added.
The series of colored glasses made with the lead glass 
is called series A, the alkali lime glass, series B, the 
zinc glass, series Z, and the opaque glass, series 0. The 
percent composition, molecular formulae, and molecular batch 
weight of these glasses are given on pages1 . Glasses A, B, 
and Z made from the composition shovm are transparant and 
colorless, and glass 0 is an opaque white.
The coloring agent was added as a direct addition to the 
formulae shown ?thus not replacing any equal amoxxnt of another 
basic constitxxent. The molecular amount of coloring agent 
added per molecular weight of glass, and the percent of the 
batch weight of coloring agent added are shown for each series 
of glasses in the accompanying tables.
The glasses were melted in fire clay crucibles, about 
one hundred and fifty grams of raw batch being used. A Steel 
Harvey Tilting furnace burning fuel oil, was used for melting. 
Foxxr batches were melted each heat.
The process of melting consisted in bringing the cru- 
1. See pages from 56 to 66 inc.
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cibles to a bright red heat, about 1200°C, filling the cru­
cibles with raw batch and raising the temperature to a point 
which produced a glass having a viscosity low enough to pour 
(about 1450°C) and holding at this point for 4 hours. The 
glass was then poured into a hot iron mould and allowed to 
cool rather rapidly. This process of melting produced in prac­
tically all cases, a glass quite free from bubbles and having 
the color homogeneously diffused throughout the glass.
In order to provide a method of actually knowing the color pro­
duced without trusting to any method of nomenclature alone, 
the attached set of charts has been provided.33
The colors of the transparent glasses, by transmitted 
light, were compared with the colors on the chart until a 
match was obtained and this color recorded according to the 
system provided by the charts. The colors were matched by 
three individuals, who agreed with but few exceptions. The 
colors obtained are recorded in tables, pages 59, 60, 63, & 66.
The following differences in color are evident from a 
comparison of the tables. In comparing series A & B, nickel, 
cobalt, uranium, and manganese showed no differences. Chrom­
ium was a shade darker in series B, The one iron glass made 
in series B, No. B21, ,054^ > Fe203 gave a pale blue and all the
33. See attached envelope, also Ref. No. 30.
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iron glasses in series A were colored green. Copper gave a 
green blue in the lead glasses and a violet blue in the al­
kali lime glasses.
A comparison of series A and series Z showed some very 
pronounced differences with nickel, chromium and uranium.
Class Ho. ZE, Z°/o NiO, showed a deep almost opaque purple 
and A2 showed a very much lighter violet. Three percent U2O3 
in Z4 gave a much lighter brown than in glass A5. Cr203
in the zinc glass produced a black opaque glass, in the lead 
glasses A7, 2% of CrgOgshowed a normal green transparent glass. 
Iron, copper and cobalt showed no differences in intensity 
or shade in series A as compared with series Z.
The colors produced in series 0 will be considered under 
the subject of opal glasses.
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Tables.
The Composition and Molecular Formulae of Glasses Used: 
Series A. Flint glasses.
.35 KgO ) 52.4 %
.38 P dO ) 3 SiOg 25.0 Jo, .Pb304.27 NagO) 8.3 Jo, .Soda ash
Batch Wt.... 344.4 14.3 %, .Potash
Series B. Crown Glasses. Glasses B1 to BIO
.54 KgO) 60 %.. .Flint
) 3 SiOg 15.2 Jo, .Whiti ng
.46 CaO) 25.0 Jo , , .Potash
Batch Wt.... 300.6
Series B. Crown Glasses. Glasses Bll to B30
.2 ITagO) 61 %.. .Flint
.34 Kg 0) 3 SiOg 15.2%.. .Whiting
.46 Ca 0) 7.2%.. .Soda ash
16.0%.. .Potash
Batch Wt....293.8
Series Z. Zinc Crown Glasses •
.24 KgO ) 60.5%.. .Flint
.20 NagO) 3 SiOg 14.1%.. .Potash
.46 Ca 0) ^ 7.2%.. .Soda ash
.10 ZnO ) 15.3%.. .Whiting
Batch Wt.... 296.9 2.7%.. .ZnO
Series 0 Opaque or Opal Glasses.
.36 KgO ) .087 Alg03 ) 64.0%.. .Flint
) ) 10.2%.. .Potash
.525UagO) )4.4 Si02 6.4%.. .Soda ash
) ) 9.0%.. .Cryolite
.115 PbO) .026 B2O3 ) 6.4%.. •Red lead
1.3%.. • Borax
Batch Wt.... 407. 2.6% Nitrate of Potash
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Series A.
Molecules of Coloring Agent Added per Molecular Weight of glass. 
No. W O  U.2O3 Cr203 P0203 Cu O TE02~5o0 V0£ 114203 CdS Sr earn “
------------- --------------------------------------------- ±arJ;ar_
A1
2
3
4
5
6
.05
.02
.02
.02
.05
.05
2%
7 .05
8 .02
9 .002
10 .001
11 .0005
12 .0002
13 .02 .02
14 .02 .01
15 .005 .005
16 .001 .001
17 .001 .001
18 .005 .001
19 .001 .001 .001
20 .001 .001 .001
21 .002 .001 .005
22 .001 .002
23 .002 .001 -.001
24 .001 .002 .15
25 .002 .001 .002
26 .001 .002
27 .005 .005
28 .01
29 .001
30 .01
31 .02
32 .001
33 .005
34 .01
.001
35 .001
36 .005
37 .01
38 .01
39 .002
40 .001
41 .01
42 Open pot .02
43 n n .05
44 Cov. " .02
45 If »? .05
I
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Series A.
7 oof Batch Weight Added as Coloring Agents •
No. UiO U203 ^r2^3 -^e2^3 ^uO MnOg CoO BaV04 ITdoO^CdS Cream
Tartar
A1 1.07
2 .436
3 .436 2%
4 3.05
5 7.62
6 7.62 2 %
7 2.20
8 .884
9 .0884
10 .0442
11 .0221
12 .00884
13 .884 .930
14 .884 .237
15 .220 .119
16 .0442 .024
17 .022 .0442
18 .110 .0442
19 .0442 . .024 .025
20 .022 .0442 .024
21 .044 .0442 .127
22 .0442 .047
23 .045 .0442 .024
24 .0442 .027 3.8
25 .044 .0442 .047
26 .0442 .047 .049
27 .233 .118
28 .465
29 .046
30 .237
31 .474
32 .024
33 .127
34 .253
35 .022
36 .109
37 .218
38 .732
39 .146
40 .0977
41 .977
42 Open Pt. 2.1
43 rt n 8.4
44 Cov. " 2.1
45 ft ft 8.4
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Series A.
Ho". Description of Color According to Chart.
1 V shade 2
2 V W 2 less intense than 1
3 V It 2 same intensity as 2
4 OY It 2
5 OY ?1 2
6 OY ft 2
7 G I? 1
8 YG it 1
9 GY tint 1
10 ■ YG It 1
11 YG H 1
12 YG n 2
13 YG normal
14 G It
15 G It
16 BG-■ -broken tone
17 V normal
18 G shade 1 diluted
19 1 sample G, broken tone— 2nd & 3rd samp. BV shade 1
20 BG shade 2 much diluted
21 BG shade 1 diluted
22 YG normal
23 R. V. broken tone
24 Opaque black.
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Series A.
No, Description of Color According to Chart,
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
)g, possibly reduced.
V broken tone 
B. V. normal Gf.B. "
3. tint 1 
colorless 
G.B. normal 
3. S. " 
colorless 
colorless MnO,
Normal H. V.
BV normal
slightly more intense than 35
n lf rf ff 36
V.B. tint 2, faint color 
colorlessrt
B.Y. tint 2, faint color 
colorlessIT
f!
ft
ff
ff
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Series B.
Molecules of Coloring Agent Added per Mol Tfc. of
____________________________ fflass.________' _____________
NoTNiO U203 Crgd3 Fe203 CuO MnOg CoO Ildg03 CdS Cream of
Tartar
1 .05
2 .02
3 .02
4 .02
5 .05
6 .05
7 .002
8 .05
9 .02
10 .002
11 .0002
12 .02 .02
13 .02 .01
14 .001 .001
15 .001 .001
16 .005 .001
17 .001 .001
18 .001 .001 .001
19 .002 .00120 .002 .00221 .001
22 .01
23 .001
24
25
26
27
28
29
30
2 %
2%
001
.001
.005
.01
.001
.01
.02
.05
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Series B
io of Batch Weight Added as Coloring Agents.
No. NiO U203 Cr203 Fe203 CuO Mn02 CoO Nd203 CdS Cream
Tartar
12
3
4
5
6
7
8
9
10 
11 12
27
28
29
30
1.24
.5
.5
3.49
8.73
8.73 
.349
2 %
2%
2.53
1.01
.101
.010
1.01 1.07
13 1.01 .267
14 .051 .027
15 .025 .051
16 .125 .051
17 .051 .027 .029
18 .025 .051 .027
19 1.01 .027
20 1.01 .053
21 .054
22 .267
23 .027
24 .025
25 .125
26 .250
.1121.12
.96
2.4
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Series B.
No. Description of Color According to Chart
1 V shade 2 Opaque when 7 mm. thick
2 V " 2 not as intense as No. 1
3 Y " 2 same as No. 1
4 OY " 1 amber brown
5 YO " 2 good brown
6 YO " 2 much more intense than No
7 GY tint 1
8 0 shade 1 opaque 9 mm. thick
9 G " 1 less intense than £3 o • CD
10 YG normal
11 GY tint 2
12 YG shade 2
13 G shade 1
14 G tint 2
15 GY broken tone
16 YG shade 1
17 G— •broken tone--not very intense
18 B.G. broken tone
19 G normal
20 YG normal
21 B tint 2
22 YB normal
23 colorless
24 BY normal
25 TT IT
26 TT If more intense than No. 24
27 colorless
28 V tint 2
29 colorless
30 II
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Series Z.
Molecules of Coloring Agent Added per Molecular
Weight of Class.
No. NiO U2°3 Cr2°3
1 .05
2 .02
3 .05
4 .02
5 .095
6 .04
7 .02
8 .001
9 .0005
'2U3
10
11
IS
13
14
15
16
17
18
19
20 
21 
22 
23
.01
.001
.01
.005
.001
Melted in covered pots. 
Heheated
Melted in uncovered pots.
MnOg CoO "CdS
.01
.001
.01
.005
.001
0.5
0 .2
0.5
0.2
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Series Z.
Jo of Natch Weight Added as Coloring Agent.
No. NiO U20 3 Cr203 FegOg CuO MnOg CoO CdS
1 1.26
2 .5
3 9.0
4 3.5
5 5.00
6 2.00
7 1.02
8 .05
9 .025
10 .54
11 .054
12 .27
13 .135
14 .027
15 .29
16 .029
17 .25
18 .125
19 .025
20 4.2
21 9.6
22 4.2
23 9.6
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Series Z.
No. Description of Color According to Chart.
1 Opaque
2 R.V. shade 2, very deep purple
3 OY shade 2, amber brown
4 YG tint 2
5 True gold-stone or adx^enturine glass.
6 Opaque greenish black, some metallic particles.
7 G-shade 1
8 YG shade 1
9 YG " 1
10 G tint 2
11 Colorless
12 G.B. normal
13 Colorless
14 "
15 0.3. tint 2, very faint
16 Colorless
17 V. B. Normal
18 V.B. normal
19 V.B. normal lighter than No. 17
20 colorless21 "
22 "
23 "
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VI. Opaque glasses,
a The Theory of Opacity in Glasses.
The term opal glass is applied to white opaque glasses 
of a milky appearance. This type of opaque glass is color­
ed in the same manner as clear glasses with the one distinct 
exception, that considerably more coloring agent is required 
to obtain an equal intensity of color.
Opacity in glass may be obtained in three different 
ways, depending upon the opacifying agent used.
There is a wide range of substances which may be used 
to produce opacity in glasses, many of these, however, are 
excluded from practical use because of their cost or diffi­
culty experienced in working. The substances which will 
produce opacity include, the oxides of tin, zinc, antimony, 
aluminium, zirconium and arsenic; calcium phosphate, as­
bestos, kaolin, feldspar, fluorspar, cryolite, fluoro sili­
cates, and boric acid.
Probably the oldest way of producing opacity was by the 
use of tin oxide or calcium phosphate, the commercial form 
of the latter being bone ash or guano. These substances 
along v/ith the oxides of antimony and zinc produce opacity 
by finely divided insoluble particles remaining in suspen­
sion in the glass. The opacity of these glasses does not
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seem to be affected by reheating.
34According to Halik , however, phosphate glasses dif­
fer from tin oxide glasses in that the former are white 
regardless of temperature, while the latter are transpar­
ent when melted and become opaque when cooled. I have 
never observed this fact and if so, it seems that the tin 
must be precipitated from a super-saturated solution, as 
a coarse suspension rather than a colloidal suspension as 
reheating does not seem to increase the degree of opacity, 
but diminishes it.
Soft white enamels with tin, show colorless in the li­
quid melt but turn milky white when rapidly cooled.
The second type of opaque glasses which is the type 
now commonly and almost universally made, is the type made 
by the use of fluorine in the presence of alumina and sil­
ica.
The raw materials used for this purpose are commonly, 
fluorspar and clay, fluorspar and feldspar, cryolite, or 
the fluoro silicates in combination with alumina added as 
clay or feldspar.
The theories offered for the cause of opacity in this 
type of glasses are various, and are summed up best by
34. Reference No. 8.
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36
Smull who did some experimental work to determine which 
theory was the most probable.
The theories of the different investigators as to the 
cause of opalescence are summarized briefly as follows: 
fa) Crystalline alumina, no fluorine remaining in glass,
(b) Sodium fluor-silicate, presence of AlgOg necessary,
(c) Sodium fluor-silicate, presence of Alr.Qg immaterial,
(d) Aluminium Fluoride, also by zinc and lead fluorides, 
fe) Silicon fluoride in a gaseous form,
(f) Silicon fluoride in crystalline form,
(g) Silica in a finely divided form.
36Smull added to a glass of proper composition the 
following various quantities of fluorine and alumina and ob­
tained the results shown in the table:-
35. Reference No. 13,
36. Reference No. 13.
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Fluorine 
compound 
used.
Aluminum
compound
used.
Character
of
glass.
Remarks
Fluorspar, 
commercial,
Ignited
alumina
Very slight 
opacity.
Probably due 
to silicates 
in fluorspar
Fluorspar
commercial
Feldspar Dense, opaque
Potassium
fluoride
None Clear
Potassium 
fluoride C.P,
Ignited Clear
Potassium
fluoride
Feldspar Opaque
Aluminium
fluoride
Clear
Cryolite Opaque
Aluminium 
fluoride C.P.
Ignited
alumina
Clear
Cryolite
(60'fo NaF) 
(40 % A1F)
ign. alumina Opaque
Slight
opacity
Not as good 
as with na­
tural cryolite
Sodium silico- 
fluoride G. P.
None Dense, opaque
Potas. fluoride 
Sodium " C
Sod. silicate 
.P. " "
Opaqueft
None Ign. alumina 
China clay 
Feldspar
Cleartf
?f
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The conclusions which he draws are as follows:- 
”It will be seen that fluorspar and alumina produce Only 
a very slight opalization, while fluorspar and feldspar 
give a dense opaque glass. Potassium or sodium fluoride 
may be used in place of fluorspar, giving practically the 
same results. Aluminum fluoride and alumina gave perfect­
ly clear glass. Cryolite produces opacity without the use 
of any silicate, as feldspar, altho we often find feldspar in 
cryolite mixes. Sodium fluoride and aluminum fluoride mixed 
in the proportions as found in cryolite produce opacity, but 
not so good as natural cryolite. The results with cryolite 
tend to show that opalization is not due to the separation 
of silica, but to the separation of alumina, by the action of 
cryolite on the sand, according to the reactioni­
st AlF3 ,3NaF) + 3Si0g = 3SiF4 + 3Na20 + A1203,
The alumina remains suspended in a low melting point 
glass, such as a lead glass, thus permitting a selective re­
action between sodium oxide?alumina, and silica; continued 
heating causes the solution of alumina, and renders the glass 
clear. Feldspar, ignited alumina, or china clay heated in 
a glass batch, in proper proportions without a fluoride, 
produce a perfectly clear glass.
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Passing to the silicon-fluorides, we find that sodium 
silicon-fluoride without any alumnium compound produces 
opacity. The reaction is probably as follows:- 
2NagSii?g + 3SiOg = 2NagO + 3SiF4 + 2Si0g.
Here the silica, like alumina, is held in suspension 
and here again a lead glass is best suited for the purpose.
If the separation of silica takes place, as shown above, and 
produces opacity in the same way as alumina is thought to do, 
then we should expect to obtain opacity by using a silicate, 
free from alumina in conjunction with some fluoride. We 
found this to be the case where sodium silicate and sodium 
fluoride were used in a lead glass bateh. [The reaction is 
expressed as follows:-
2Na2Si03 + 4NaF = 4HagO + SiOg + SiP4 .
Since all natural silicates used in opal glass manufac­
ture contain both alumina and silica in a combined form, it 
is probable that, under suitable conditions, there is a sus­
pension of both these compounds in the opal glass. It is reas­
onable to think that in mixing an opal batch, one may first 
melt together the constituents which are naturally required 
for the glass, such as sand, soda, etc., thus forming a sili­
cate, and to this fusion then add a fluoride and any other
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eleraents necessary. The function of the fluoride then would 
be to set free the silica or alumina or both, which are 
present in combined form, as a result of the preliminary fu­
sion, thus producing the desired opal effect. It is possible 
that some of the investigators referred to may have performed 
their experiments in this manner, without mentioning the fact, 
thus obtaining results not in exact conformity with the stated 
facts."
37Smull thus concedes that opacity is due to the separa­
tion of silica, aluminium, or both in a finely divided pro­
bably colloidal form in the glass. The colloidal nature of 
the suspension appears to be unquestionable if we compare the 
action of the opal glass of this type with ruby glasses pro­
duced with copper, gold or selenium. The glasses are clear 
when in a state of fusion. If chilled rapidly the outer sur­
faces of the glass are clear and the slower cooled center is 
opaque. If reheated, to the proper temperature, the clear 
surfaces become opaque, and the translueency of the glass is 
increased with the time of heating. These phenomena are 
strictly comparable with the properties of the ruby glasses.
Opaque glasses may also be produced by the use of boric
qzp
acid as is shown by Stull'J who says, "Opalescence is caused
37. Reference No. 13
38. Reference No. 25.
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by the precipitation of a silicate in which boric oxide is 
evidently basic. The intensity of opalescence does not de­
pend upon the quantity of boric oxide present, but upon the 
quantity of boric oxide combined as a silicate." Stull shows 
that opaque glazes or glasses may be obtained when the oxygen 
ratio of base to acid is 1:2 or greater excluding the B203 
present, which is present in amounts between 0.2 and 1.0 mol­
ecule per 1 molecule of RO.
The molecular formulae of glazes made by Stull was:-
.2 K20 ) 
.3 Na20) 
.4 GaO ) 
.1 PbO )
.45 AlgOrj )1.76 to 6.1 Si02 )0 to 1.0 B203
In producing opaque glasses, it is necessary to have 
about 4 Jo of fluorine in the original batch. Commercial glass­
es vary in fluorine content from 4 to 8%r the larger amounts 
giving an added corrosive action on the glass pots. The 
amounts of fluorine required to produce opacity seems some­
what dependent upon the quantity of lime. A clear glass may 
be produced by using a straight addition of 8 to 10^ of lime 
in excess of what is already present in an opaque glass. The 
amount of A1203 usually present varies from 2 to 4%.
In addition to the composition of the opaque glass used 
in making the colored glasses, I will give below a less ex-
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pensive glass of the type used in practice in employing 
fluorspar and feldspar rather than cryolite:- 
hatch Formula
{SiOg 2.8Sand....... hagO .50)
Soda ash.... Ca 0 .42)
Feldspar.... Kg° .08)
Fluorspar...,
Arsenic....
.42
There is as great difference in the acid content of 
these two glasses, and this furnished an illustration of the 
wide variation in composition this type of glass is being 
made from commercially.
Experimental Work on Production of Opa­
que Colored Classes.
In the series of glasses marked ”0", varying quantities 
of the most common coloring agents were used. The colors ob­
tained may be noted by referring to the color chart. It will 
be noted as mentioned before, that greater amountsof coloring 
agents are required to impart the colors, especially with 
manganese. It is interesting to observe also the lack of 
color when cadmium was used. In practice with tightly closed 
pots, cadmium will give a bright yellow, but I seemed un­
able to prevent volatilization of the cadmium in the method 
of melting used.
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Series 0.
Molecules of Coloring Agent Added per Mol. Wt. of Glass.
No. NiO U203 Cr203 FegOg CuO Mn02 CoO cas S
1 .035
2 .0035
3 .005
4 .0005
5 .0051
6 .025
7 0.50
8 .017
9 .008
10 .0017
11 .013
12 .08 .27
13 .027
14 .0163
15 .0163 2.64$
16 .008 cream of
17 .0016 tartar
18 .046
19 .0032
20 .03
21 .003
22 .0035
23 .0004
24 .036 .08
25 .136
26 .24
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Series 0.
% of Batch Wt. added as Coloring Agents.
No. NiO UgOg d rgOg FegOg duO MnOg doO CdS ~ Cream
1 .641
2 .064
3 .641
4 .0641
5 .67
6 3.3
7 6.7
8 .641
9 .320
10 .064
11 .48
12 3.0 5,8
13 1.0 ♦
14 .641 2.64
15 .641
16 .32
17 .064
18 .962
19 .064
20 .64
21 .064
22 .064
23 .006 y
24 1.38 .641
25 2.9
26 5.0
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Series 0.
No. Description of Color According to Chart
1
2
3
4
5
6
7
8
9
10 
11 12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
B. V. broken tone 
V. tint 2
YG tint 2 lighter than 2 
Pale cream 
Y.G. tint 2 
G.Y. tint 2
0. Y. " £ darker than 6 
0. tint 1 
Y. G. tint 1
lighter than Y.G. tint 2
Y. G. tint 1
Black
G. shade 1
White
G. B. tint 1
Lighter than G.B. tint 2 
Whiteft
W
ftr?
Between B. tint 1 and B tint 2
B. tint 2
White
B. V. broken tone
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COLOR STANDARD.—SHEET B.
V i o l e t - r e d ,  V R .  
R e d ,  R .
O r a n g e - r e d ,  O R .  
R e d - o r a n g e ,  R O .
O r a n g e ,  O .
Y e l l o w - o r a n g e ,  Y O .  
O r a n g e - y e l l o w ,  O Y .  
Y e l l o w ,  Y.
G r e e n = y e l l o w ,  G Y .  
Y e l l o w - g r e e n ,  Y G . 
G r e e n ,  G .
B l u e - g r e e n ,  B G .
G r e e n  b l u e ,  G B .  
B l u e ,  B .
V i o l e t - b l u e ,  V B .  
B l u e - v i o l e t ,  B V .
V i o l e t ,  V. 
R e d - v i o l e t ,  R V ,
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COLOR STANDARD. -SHEET A.
This standard, which has been prepared for use in Mulliken’s Method for the Identification of Pure Organic Compounds from colors 
furnished by the courtesy of the Milton Bradley Company, will be replaced, in case of injury, by the publishers, John Wiley & Sons 4w e  
East 19th St., New York, upon receipt of a postal money order for sixty cents —  or thirty-five cents for either one of the two separate 
sheets. It is not for sale except to persons owning the work with which it is issued. v
